1.
1.
To determine whether a significant difference exists for mean MFDR across 4 different data extraction methods on the same data set.
2.
To determine interaction between subject skill level and fundamental frequency on MFDR.
Background:
Examination of laryngeal aerodynamics remains crucial to our understanding of voice function in normal and non-normal subjects. Extensive research over the past 40 years has focused on subglottal pressure and transglottal flow, particularly as it relates to frequency and intensity control. More recently, the speed of closure at the maximal negative slope of the differentiated inverse-filtered waveform, or maximum flow declination rate (MFDR), has emerged as a valuable measure of laryngeal function (1) (2) (3) (4) (5) (6) (7) (8) . Although subglottal pressure and transglottal flow have established measurement techniques for data extraction methods (e.g.: peak pressure value during [p] for subglottal pressure), such standards do not exist for MFDR. As such, it becomes difficult to compare results across studies which have used a wide range of measurement techniques.
Assumptions:
• MFDR is the point of sharpest change in the closing velocity of the vocal folds, and reflects the velocity when the vocal fold surfaces are nearly parallel and touching in the anterior (membranous) glottis (1) (2) (3) (4) 9 ) .
• It is hypothesized that a more rapid decrease (or stoppage) of the flow yields a more efficient and powerful glottal source, thereby allowing improved acoustic intensity (3 ,4,5,7,9 ) .
• Previous investigators have reported MFDR values for speaking and singing using a range of 1-60 periods of analysis (3, 6, 7, 10, 11 ) .
Experimental Design:
Subjects:
• Eight professional lyric sopranos employed as solo artists at international opera houses (N=4) or regional/national opera houses (N=4) served as volunteers in the IRB-approved study. Tasks:
• Three tokens of a 7-syllable /pa/ train at progressively increasing and then decreasing intensity (messa di voce) in singing mode at two contrasting frequencies (F 0 1=330 Hz, F 0 2=660 Hz), with each /pa/ syllable lasting 1 second in duration.
• Intensity changes were not prescribed. The subject was instructed to sing a messa di voce as they typically would on the operatic stage. Data Collection:
• The subject held a pneumotachograph mask firmly in place over her nose and mouth, with a pressure tube passing between the lips. A microphone was fitted in the mask handle.
• Signals from flow, pressure and microphone were digitized by a 12-bit analog to digital converter board with a sampling rate of 10 kHz per channel. Digitized signals were imported to the Alamed Voice Plus ® and CSpeech ® 3.1 analysis systems on a Pentium based computer. Waveforms were optimized by adjusting the amplifier gain to ensure optimum signal input for each subject prior to data collection, and were monitored by a Tektronix ® TDS-420A 4-channel digitizing oscilloscope during computer data collection.
• Glottal velocity waveforms were recorded from two differential pressure transducers (Glottal Enterprises ® PTL-2) mounted in a Rothenberg single-layer circumferentially vented pneuomotachograph mask, which was connected to a Glottal Enterprises ® MSIF-2 inverse-filtering unit.
• Calibration for pressure (water u -tube manometer) and airflow (Matheson glass-float rotameter) was done immediately after each subject's data collection using known pressures and flow that produced output voltages that approximated those observed on the oscilloscope during data collection. Data Analysis:
• The most negative value from the first derivative of the inverse-filtered waveform (MFDR) was extracted using CSpeech ® 3.1 for each cycle at F 0 1 and F 0 2.
• Some subjects' differentiated flow waveforms had two negative peaks, which were often reduced to one negative peak 20 ms later, as a result of unexpected, intermittent presence of formant energies from high voice quality. Because of errors in peak detection for automated MFDR computation, hand cycle-by-cycle determination of the MFDR value for each cycle was used for the eight subjects. o Raw flow signal was compared with the inverse-filtered flow signal during MFDR detection at F 0 1 (330 Hz) and F 0 2 (660 Hz) for most negative point within each cycle. , with overall α=0.05 , with each /pa/ studied as unique variables. Each subject's mean MFDR (and sd-MFDR) was a composite of three trial tokens at each pitch condition.
• Analyses of variance (ANOVA) were used to test whether a significant difference exists for MFDR across the four different measurement techniques. Statistical adjustment was made for pitch, group, and all interactions. These analyses were repeated for each /pa/ during the 7-syllable train.
• In the ANOVAs, pitch, group and window were fixed factors, and subjects within groups was a random factor. We used a full ANOVA model that included all interactions. A significance level of 0.05 was used for each analysis. Marginal significance was defined as a p-value between 0.05 and 0.10. Contrasts were performed to compare the four measurement techniques for each /pa/. Bonferroni adjustments were used for these pairwise comparisons.
Results: 0.003** ns ns ns 0.008** ns *Note: † p≤0.10 (marginal significance), and *p<0.05, **p<0.010, and *** p<0.001. MFDR was found to be significantly greater for louder intensities (during a messa di voce task), and greater for the more elite (level A) singers throughout a messa di voce. The value of MFDR was significantly higher for the louder portion of the messa di voce task. MFDR was found to be more variable (higher sd-MFDR) among the more elite singer, which suggests a more reactive relationship for source and filter for those subjects during the sung task (Titze, 2004) .
Mean MFDR and sd-MFDR
More detailed examination of transglottal flow and subglottal pressure from the raw data had revealed greater variability (higher sd-flow) among the B level singers, but no significant difference in mean flow rate (even with change in frequency). There was a higher corre lation of subglottal pressure to frequency for the A group singers in the lower register transition (Carroll, 2001 ).
This suggests that the elite singer (A group) and regional singer (B group) balance source and filter characteristics differently. First, the elite singer monitors use of support (reflected in subglottal pressure-frequency interaction) at both the upper and lower register transition, while the regional singer monitors support in the higher frequency, not the lower frequency. Second, the elite singer reacts and adjusts MFDR throughout sung events, while the regional singer maintains status quo.
There does not appear to be a significant difference in overall data from a 1000 ms analysis window to a smaller 100 ms analysis window. However, the location of the 100 ms segment does appear to alter the mean MFDR value. A greater mean MFDR was found when centered on the peak MFDR for the utterance. MFDR was found to be significantly greater at the higher fundamental frequency during the middle of a messa di voce task in the peak window analysis segment (method 3) and higher among elite singers (group A).
There is no difference in MFDR data from a 100 ms analysis segment vs. a 20 cycle analysis segment for medium low pitch (F 0 1=330 Hz) or medium high pitch (F 0 2=660 Hz) among professional female singers for mean MFDR. If variability is of interest (sd-MFDR), then 100 ms is a better analysis segment when compared to 20 cycles.
It is suggested that window extraction specifics be included in future research to allow closer comparison of mean MFDR. As analysis moves to nonlinear aspects of the voice, data analysis segments should have a minimum of 100 ms.
Summary:
A moderate sized window segment appears to be sufficient for determining mean MFDR. There does not appear to be a significant advantage to using a large (1000 ms) analysis window. There does appear to be a loss of data when the analysis window is reduced from moderate (100 ms) to small (20 cycles).
Among the professional singer population, there does appear to be a difference at the glottal level in management of airflow shut-off when fundamental frequency increases among subjects who are employed in regional/national level opera companies vs. those employed at international level opera companies. Both groups were found to increase MFDR as fundamental frequency increased, and greater MFDR for louder portions of the messa di voce task.. During sustained phonation, the elite singer appears to use a more inertive vocal tract and more nonlinear productions.
